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An Array of Thermally Conductive Elements 

in an OLED Display 

TECHNICAL FIELD 

This invention relates to organic light emitting diode 
(OLED) displays. 

BACKGROUND 

Organic light emitting diodes (OLEDs) are made from 
luminescent organic materials that generate light when a 
direct current is passed through the materials. Certain 
characteristics of OLEDs make them appealing to those skilled 
in the art of electronic display technology. For example, 
OLEDS have a low operational voltage, a relatively high 
brightness, and the ability to emit different colors of light. 
OLED displays may be used in many applications such as 
displays for portable electronic devices, flat screen computer 
displays, or automobile stereo displays. 

A typical OLED display includes an array of OLEDs formed 
on a glass plate or other transparent substrate. A stack of 
organic layers, including an electroluminescent layer, is 
packed between a cathode layer and an anode layer. The 
cathode layer and the anode layer provide the electrical power 
to the OLEDs in order to emit light from the diodes. The 
cathode layer includes a series of cathode lines, which form 
the pixel rows of the display, and the anode layer includes a 
similar series of anode lines to form the pixel columns. 
Solder connections have been used to electrically connect 
cathode and anode lines to an external drive circuit, but only 
through connections at the edges of the display. Typically, a 
pixel in the OLED flat panel display comprises a group of 
three OLED sub-pixels of different colors. 
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In prior art OLED flat panel displays, active elements, 
such as the cathode lines, anode lines, and diodes, are packed 
between a front panel and a back panel. An epoxy adhesive 
covering the active elements couples the front panel and back 
5 panel together. The glass material of the front panel and the 
epoxy material covering the OLEDs are poor thermal conductors 
compared to the solder connections at the edge of the display. 
The thermal insulation of the epoxy and glass material 
surrounding the all or most of the OLEDs throughout the pixel 
10 array cause a high operating temperature of the OLEDs. Also, 
the OLEDs further from the edges of the display have a greater 
level of thermal insulation than the OLEDs on the edge of the 
display. Thus, the operating temperatures of OLEDs vary with 
ro the OLEDs further from the edges of the display having higher 

\l 15 temperatures. 

'"■4 The power consumption of an OLED integrated into a flat 

panel display may be enough to significantly raise the 
operating temperature of the diode. Higher leyels of 
brightness in OLED flat panel displays may result in a greater 
level of heat generation per diode. The operational life and 
the efficiency of the OLED display are two significant design 
issues that are impacted by operating temperature. For 
example, the aging effects of the OLEDs are accelerated by 
increased operating temperature and the efficiency of the 
25 OLEDs is decreased as the operating temperature is increased. 
The trend in OLED display technology is for higher levels of 
brightness and efficiency with longer life spans. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a view, from the perspective of a user, of an 
30 OLED flat panel display that may include aspects of the 
invention , 
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FIG. 2 is a cross-sectional view of a single pixel of the 
OLED flat panel display shown in FIG. 1. 
^I^^A"*^ 3 is a cross-sectional view showing four pixels of 

an OLEoVlat panel display in accordance with an embodiment of 

5 the invention. 

FIG. 4 is a cross-sectional view of the portion of the 
OLED flat panel display shown in FIG. 1. 

FIG. 5 is a cross-sectional top view of the portion of 
the OLED flat panel display shown in FIG. 3. 

F^. 6 is a cross-sectional top view of the portion of 
the OLED fS^t panel display shown in FIG. 3 in accordance with 
^nother embod^if^ent of the invention. 

"^J^^ 7 is a cross-sectional view showing four pixels of 
5 an OLED m± panel display in accordance with another 

J!l5 embodiment or^e invention. 

^^H^. 8 is a cross-sectional top view of the portion of 
the OLEoNs^^t panel display shown in FIG. 8. 
%, Like reference symbols in the various drawings indicate 

01 like elements. 

p 20 DETAILED DESCRIPTION 

^ An OLED flat panel display 4, which may include aspects 

of the invention, shown from the perspective of a user in FIG. 
1, includes an array of OLED pixels 40. The array may include 
any number of columns and rows of the OLED pixels 40. For 
25 example, a standard display 4 with a 5.7-inch diagonal size 

may have 320 columns and 240 rows, and thus 76,800 total OLED 
pixels 40. The blow-out of FIG. 1 shows an array of only 16 
pixels 40 out of the total number of OLED pixels 40 that make 

up the display 4. 
30 Each OLED pixel 40 may have, as is conventional, three 

OLED sub-pixel regions 40A, 40B and 40C that emit different 
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colors of light. One example is that sub-pixel region 40A 
emits red light, sub-pixel region 40B emits blue light, and 
sub-pixel region 40C emits green light, although other OLED 
colors and arrangements are within the scope of the invention. 
FIG. 2, a cross-sectional view of a single OLED pixel 40, 
shows that an OLED pixel 40 has an isolation layer 24 that 
separates the individual OLED sub-pixel regions 40A, 40B and 
40C. The isolation layer 24 may be a polymer film, such as 
polyimide, as is conventional. The OLED pixel 40 also has 
three separate and differently formulated emissive layers 25A, 
25B and 250. Emissive layers 25A, 258 and 250 correspond 
respectively to OLED sub-pixel regions 40A, 408 and 400. The 
make-up of the organic formulation in the emissive layer 25A, 
258 or 250 dictates the color of light that the sub-pixel 
~M5 region 40A, 408 or 400 emits. 

H Referring back to FIG. 1, a plurality of cathode lines 16 

extend horizontally from one side of the display 4 to the 
other. The number of cathode lines 16 in this embodiment 
corresponds to the number of rows of OLED pixels 40. Each 
:o20 cathode line 16 electrically connects to all of the OLED 
pixels 40 in a row. Also, as best shown in FIG. 2, each 
cathode line 16 electrically connects to all OLED sub-pixel 
regions 40A, 408 and 400 of the pixel 40. As shown in FIG. 1, 
a plurality of anode lines 12 extend vertically from the top 
25 of the display 4 to the bottom. The number of anode lines 12 
in this embodiment corresponds to the number of columns of 
OLED pixels 40. Each anode line 12, as shown in FIG. 1 and 
also in FIG. 2, is made up of three separate anode lines 12A, 
123 and 120. Anode lines 12A electrically connect to all of 
30 the red OLED sub-pixel regions 40A in an OLED pixel 40 row; 

anode lines 128, all of the blue OLEDs 408 in a row; and anode 
lines 120, all of the green OLEDs 400 in a row. A layer of 
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insulation material 26 may be used to provide protection for 
the cathode lines 16 and the anode lines 12, as is 
conventional . 

In general, the OLED sub-pixel regions 40A, 40B, and 40C 
may be illuminated by a direct current that is passed through 
the OLED sub-pixel regions 40A, 40B, and 40C. A particular 
cathode line 16 may be turned to an "on" position, so a direct 
current may pass through the cathode line 16. Also, a 
particular anode line 12A, 12B, or 12C, or a combination 
thereof, may be turned to an "on" position. When a particular 
cathode line 16 and anode line 12A, for example, are "on" are 
on at the same time, a conductive path is provided for the 
direct current from the cathode line 16, through the OLED 
pixel 40, and to the anode line 12A. When the direct current 
passes through the OLED sub-pixel 40A, light is emitted from 
the sub-pixel 40A. The brightness of light that is emitted 
from the sub-pixel 40A, 408, or 40C may be adjusted by 
controlling the amount of current passed through the cathode 
line 16 to the anode line 12A, 128, or 12C. 

In accordance with an aspect of the invention, the OLED 

display 4, a portion of which is shown in FIG. 3 in a 

horizontal cross-section extending parallel to a row of OLED 

pixels 40, includes a plurality of solder joints 18. Each 

solder joint 18 connects the cathode line 16, at a vicinity of 

an OLED pixel 40, with a back panel interconnect 30, which in 

turn, is attached to a back panel 20. In this embodiment, the 

solder joints 18 along the cathode line 16 are connected to a 

single interconnect 30, but the solder joints 18 may be 

connected to separate back panel interconnects 30. The back 

panel 20 may be made of a ceramic material, such as alumina, 

or any other suitable circuit board material. It is desirable 

to have a back panel 20 made of a material with a high thermal 
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conductivity. Solder joints 18 may connect electrical 
contacts 46 on the back panel interconnect 30 to cathode 
contacts 42 on the cathode lines 16 at each pixel 40. Other 
back panel interconnects 39 are connected to anode contacts 44 
(not shown in FIG. 3), which may be in'close proximity to each 
pixel 40. Thus, in this particular embodiment of the 
invention, an array of solder joints 18 forms electrical 
connections to the cathode lines 16 and anode lines 12 at each 
pixel 40 in the display 4. The solder joints 18 also provide 
a path of low thermal resistance from the OLED pixels 40 to 
the back panel 20, and thus serve to dissipate heat generated 
by the OLED pixels 40 to the back panel 20. In the embodiment 
shown in FIG. 3, there is a one-to-one correspondence between 
the solder joints 18 and the OLED pixels 40, 

FIG. 4 shows a cross-sectional view of a pixel 40 of the 
OLED flat panel display 4 shown in FIG. 1. The cross section 
is taken vertically and parallel to a column of OLED pixels 
40. As shown in FIG. 4, solder joints 18 connect the contacts 
46 of the back panel interconnect 30 to the cathode contacts 
42, in a manner already described. Solder joints 19 connect 
the electrical contacts 46 of the back panel interconnect 39 
to the anode line 12C for sub-pixels 40C. Accordingly, each 
of the anode lines 12A, 12B, and 12C may be connected to 
separate back panel interconnections 39. The connections to 
the back panel contacts 4 6 are accomplished with the solder 
joints 19 on anode contacts 44 in close proximity to each 
pixel 40, as shown in FIG. 4. 

Referring to FIGS. 3 and 4, the front panel 10 of the 
flat panel display 4 serves as a substrate for the OLED pixels 
40 during the manufacturing process. The front panel 10 may 
be made of glass or another transparent material. The anode 
lines 12, the OLED pixels 40, the isolation material 24, and 
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the cathode lines 16 are formed on a surface of the front 
panel 10 in a conventional manner. The insulation layer 26 
may be formed over the cathode lines 16 and anode lines 12, 
while leaving small, exposed areas over the cathode lines and 
anode lines for placement of the contacts 42 and 44. After 
this is done, the cathode contacts 42 and the anode contacts 
44 are formed at each pixel 40 in the exposed areas, and the 
solder joints 18 are formed on the contacts 42 and 44. The 
back panel 20 is fabricated with interconnects 30 and 39 and 
the electrical contacts 46. The back panel 20 is assembled 
with the front panel 10 using the solder joints 18 and 19 to 
connect the electrical contacts 46 to the appropriate cathode 
and anode contacts 42 and 44. This process of assembling the 
back panel 20 with the front panel 10 may be a solder reflow 
operation, as is known to those skilled in the art. Then an 
epoxy material 36, or a conventional filler material, is 
injected into the volume between the back panel 20 and the 
front panel 10. The epoxy material 36 is cured such that it 
occupies the space between the solder joints 18 and 
permanently affixes the back panel 20 to the front panel 10. 
A heat fin 50 may be coupled to the ceramic back panel 20 to 
increase the amount of heat dissipation from the OLED pixels 
40. 

FIG. 5 shows a cross-sectional view of the portion of the 
OLED flat panel display 4 shown in FIGS. 3 and 4 with the 
epoxy adhesive 36 removed to better view the anode lines 12 
relative to the cathodes line 16. The solder joints 18 
contact the cathode lines 16 at each pixel 40 (the pixel 40 
not shown in this figure), and the solder joints 19 contact 
the three anode lines 12A, 12B, and 12C next to each pixel 40 
in the pixel array. Thus, the solder joints 18 and 19 form an 
array pattern distributed throughout the array of OLED pixels 
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40 to form a thermal shunt from the OLED pixels 40 to the back 
panel 20 {the back panel 20 not shown in this figure) . 

Having solder joints 18 and 19 distributed throughout the 
pixel array serves at least two purposes. First, the array of 
5 solder joints 18 and 19 may act as electrical connections from 
the back panel interconnect 30 to the cathode lines 16 and 
anode lines 12 at each pixel 40, unlike the prior art, where 
there were electrical connections only at the edge of the OLED 
display. The electrical connection from the back panel 
10 interconnects 30 and 39 to the contacts 42 and 44 at each 

pixel 40 provides a lower total electrical resistance from a 
power source to the OLED sub-pixel regions 40A, 40B, and 40C 
when compared to the prior art. This provides a reduction in 
circuit parasitics because the back panel interconnect 30 is 
Sl5 used to electrically connect to the cathode contacts 42 and 

anode contacts 44 throughout the pixel array. 
2 Second, the array of solder joints 18 and 19 improves the 

L, heat dissipation from the OLED sub-pixel regions 40A, 40B, and 

5 40C. The OLED sub-pixel regions 40A, 40B, and 400 generate 

1^20 heat while in operation, and the operating temperature of the 
OLED sub-pixel regions 40A, 403, and 40C impacts the 
efficiency and the life span of the OLED sub-pixel regions 
40A, 408, and 40C. The current invention uses a solder joint 
18 at the cathode contact 42 and solder joints 19 at the anode 
25 contacts 4 6 for each pixel 40 to act as a thermal shunt for 

heat dissipation. The heat is dissipated from the OLED pixels 
40, though the solder joints 18 and 19, and to the back panel 
20. Also, the heat fin 50 and a conventional cooling fan may 
further increase the heat dissipation from the back panel 20 
30 to the ambient air. The operating temperature and the 

temperature variation of the OLED pixels 40 for a given power 



-8- 



Attom^ocket: 10559/438001/P10655 



dissipation is thus reduced, which increases the life span and 
the efficiency of the OLED pixels 40. 

FIG. 6 shows an alteration of the embodiment shown in 
FIG. 5. The spacing of the anode lines 12A, 12B, and 12C may 
be too close for depositing solder joints 19 on the anode 
lines 12A, 12B, and 12C at each pixel 40. Also, it may not be 
necessary for there to be solder joints 19 at all the pixels 
40 for satisfactory heat dissipation. Therefore, in the FIG. 
6 embodiment, the solder joints 18 contact the cathode lines 
16 at each pixel 40 {the pixel 40 not shown in FIG. 6), but 
the solder joints 19 contact only a single anode line 12A, 12B 
or 12C at each pixel 40. In this case, the solder joints 19 
contact the left-most anode lines 12A for the pixels 40 that 
share a common cathode line 16, the middle anode lines 128 for 
the pixels 40 that share the next cathode line 16, and the 
right-most anode lines 12C for the pixels that share the third 
cathode line 16. Then the pattern of solder joints 19 
contacting the anode lines 12A, 128, and 12C repeats for the 
pixels 40 that share subsequent cathode lines 16. 

Using the solder joints 18 as electrical connections to 
the cathode line 16 at each pixel 40 may provide a high level 
of redundant electrical connections and interconnect 30 
routing complexity. Some redundancy may not be needed in some 
cases; however, the solder joints 18 still provide important 
heat dissipation from the pixels 40. Accordingly, in a 
further embodiment of the invention, the solder joints 18 are 
used to dissipate heat from at each pixel 40, but the back 
panel interconnect 30 does not electrically connect to every 
solder joint 18. For example, the contact 46 of a solder 
joint 18 may be affixed directly to the back panel 20 instead 
of to an interconnect 30, while the contact 46 corresponding 
to a neighboring solder joint 18 is affixed to an interconnect 
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30 and the cathode line 16 over a neighboring pixel 40. Thus, 
each of the OLED pixels 40 in the pixel array benefits from 
the heat dissipation of the solder joints 18, but only a 
portion of the solder joints 18 distributed throughout the 
pixel array are used as electrical connections to the 
interconnect 30. 

Another embodiment of the invention is shown in FIG. 7 by 
a cross-sectional view of four pixels along a cathode line 16. 
FIG. 7 is a cross-sectional view similar to that in FIG. 3. 
Also, FIG. 8 shows a cross-sectional top view of this 
embodiment of the invention similar to the FIG. 5 view. In 
FIG. 8, the epoxy adhesive 36 and the insulating material 26 
were removed in order to better view the anode lines 12 
relative to the cathode lines 16. This embodiment of the 
invention groups a small number of adjacent pixels 56 and 58 
along each cathode line 16 into pixels subsets 60. In this 
embodiment, the solder joints 18 along the cathode line 16 are 
connected to separate back panel interconnects 30, but the 
solder joints 18 may be connected to a single interconnect 30. 
As shown in FIG. 8, the pixel subset 60 includes two adjacent 
pixels 56 and 58. However, a pixel subset 60 that includes a 
small number of pixels, such as six or eight adjacent pixels, 
is within the scope of the invention. In this particular 
embodiment, the invention uses a solder joint 18 at a single 
cathode contact 42 and a solder joint 19 at an anode contact 
44 for each pixel subset 60. The pixel subset 60 includes a 
pixel 56 with the solder joint 18 and a neighboring pixel 58 
that shares the electrical and thermal benefits of that solder 
joint 18. The solder joints 18 contact the cathode lines 16 
at every other pixel 56 throughout the pixel array. The 
solder joints 18 along the subsequent cathode lines 16 are 
positioned such that the pixels 56 contacting the solder 
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joints 18 are horizontally and vertically adjacent to pixels 
58 without the solder joints 18. Thus, the heat dissipation 
is distributed among the OLED pixels 56 and 58 in a 
substantially uniform manner. This embodiment of the 
invention reduces the circuit parasitics and dissipates heat 
from the OLED pixels 56 and 58 by using an array of solder 
joints 18 generally distributed over all of the display 4 when 
compared to the prior art of using solder connections only at 
the edges of the display. Other arrangements may also be 
considered. The appropriate choice of pixel subset 60 
arrangement depends on design rules, thermal properties of the 
materials and on the power load. Those skilled in the art of 
y thermal modeling tools will find the appropriate choice of 

^ pixel subset arrangement in a straightforward manner. 

"tii5 A number of embodiments of the invention have been 

described. Nevertheless, it will be understood that various 
other modifications may also be made without departing from 
the spirit and scope of the invention. For example, the heat 
0^ dissipation from the pixels 56 and 58 that share a solder 

IJ20 joint 18 can be enhanced by using an appropriate choice of 
P thickness and material for the cathode lines 16 of the front 

panel 10. For instance, changing the cathode line 16 material 
from aluminum to gold would improve the thermal conductivity 
between the pixels 56 and 58 and the shared solder joints 18. 
25 In a further embodiment, conventional methods for enhancing 

the heat dissipation from a circuit board may be applied. For 
example, a cooling fan may be used to force airflow over the 
back panel 20 or heat fin 50 and further aid in dissipating 
heat from the back panel 20. In another embodiment, the 
thermally and electrically conductive material for solder 
joints 18 and 19 may be a material other than conventional 
solder material, for example, a material with thermal 
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conductivity similar to or greater than a solder material. 
Accordingly, other embodiments are within the scope of the 
following claims. 
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